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Physical inactivity is an important contributor to the development of numerous chronic conditions and
alone is an independent risk factor for diabetes, cardiovascular disease, and depression and yet, most
Americans consistently fail to achieve the recommended amount of physical activity. As part of Project
HealthDesign, we designed and prototyped a personal health record application (PHA) that delivers
and supports a highly individualized, behaviorally based lifestyle physical activity intervention for sed-
entary adults. Through a user centered design approach, we engaged consumers, health care providers,
and personal trainers for multiple facilitated group discussions and structured interviews to determine
their needs and wants related to an activity PHA. The PHA was developed to include elements of
evidence-based approaches which help participants adopt cognitive and behavioral skills such as goal-
setting, self-monitoring, accepting social support, cognitive restructuring, contingency management,
decisional balance, and relapse prevention. This PHA demonstrated the potential for research-based
behavioral interventions to be delivered via a web portal. This ﬁnding is important for both consumers
and their providers who have the desire to implement physical activity recommendations, but lack the
tools to facilitate or undertake such interventions.
 2010 Elsevier Inc. All rights reserved.1. Project goals and design requirements
In the past two decades, the sedentary lifestyle of Americans has
been identiﬁed as a major public health crisis and a primary cause
of many lifestyle-related health problems such as diabetes, high
blood pressure, coronary heart disease, and obesity [1–7]. Com-
pounding the gravity of the health impact of physical inactivity is
the fact that it is so prevalent in our nation. The Surgeon General’s
Report on Physical Activity and Health reported that ‘‘more than
60% of adults do not achieve the recommended amount of regular
physical activity . . . 25% of all adults are not active at all” [1].
The body of research that demonstrates the effectiveness of
behavioral lifestyle interventions in helping adults become more
active is growing [8–13]. Research in the last few decades has pro-
vided insights into components or mediators that predict success-
ful behavior change. Elements of these successful approaches are
those which help participants adopt cognitive and behavioral skillsll rights reserved.
di), molmsted@rti.org (M.G.
althintegrationllc.com (R.A.
@cooper.org (R. Huber).such as goal-setting, self-monitoring, accepting social support, cog-
nitive restructuring, contingency management, decisional balance,
and relapse prevention [14–20]. Successful interventions [21,22],
as the literature demonstrates, must meet individuals ‘where they
are,’ intersecting with their daily lives, their attitudes, and their
stage of readiness to change.
The goal of this PHA tool is to deliver and support a highly indi-
vidualized, behaviorally based lifestyle physical activity interven-
tion for sedentary adults. Critical design requirements of the PHA
tool were the ability to provide automated and evidence-based rec-
ommendations for physical activity reducing the need for direct
involvement and monitoring by health care providers; to track
activity performed against activity plan goals; and, to support in-
creased communication between consumers and health care pro-
viders focused on physical activity. The interactions facilitated by
the PHA tool are shown in Fig. 1 indicating that the PHA was de-
signed to connect consumers, healthcare providers, the medical re-
cord, and possibly other supports as desired to be involved in
reviewing and commenting on data recorded in the PHA; solid
lines in the ﬁgure indicate connections between systems and users
that are already implemented while dotted lines indicate optional
connections that may be selected based on user needs.
Fig. 1. Conceptual overview of the PHA system.
Fig. 2. System diagram.
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2.1. System architecture and database
The PHA is a web-based application developed utilizing the
Microsoft.Net 2.0 framework, using the open source web portal
frame work DotNetNuke. Microsoft technology including ASP.Net,
VB.Net, IIS, Web Services and Microsoft SQL Server 2000 database
provided broad applicability across common information system
environments. The project team developed a custom DotNetNuke
module consisting of multiple layers (user interface, business tier,
and data access) to interact with the Project HealthDesign common
component platform discussed by Sujansky et al. in this issue.
Although this is a prototype PHA, the project team has designed
and implemented a functional system with a back end SQL Server
2000 database and a user interface for both patients and healthcare
providers. As shown in Fig. 2, the basic elements of the system in-
cluded external web services (common platform), core system logic
and business services (PHA application web server and database),
and a user level (web site and device services for uploading activity
data).
To facilitate testing of a several options for the input of physical
activity data, the project team developed an integrated activity
tracking system for users. This included both manual and auto-
mated data input on the website to facilitate user preferences for
using different options to track and report their activity. First, the
project team developed an automated method of recording and
uploading activity data using a sophisticated physical activity
monitor called the Kenz LifeCorder Plus™; the device is able to re-
cord and store all physical activity engaged in by a user for more
than 2 weeks at a time. This device was used to prototype the abil-
ity of the system to incorporate data from external monitors that
provided automated tracking and uploading of data. A web services
component was developed and integrated into the PHA website
enabling automatic upload of data when the attached computer
is connected to the internet. When the device is plugged into a
USB port of any Internet-capable computer, the device automati-
cally connects to the PHA and uploads data to the account regis-
tered with the device.
In addition to the automated data entry elements of the PHA the
project team also developed a manual interface. This interface al-
lowed consumers using the PHA to enter activity they had engaged
in over the past 24 h; the interface included the ability to choose
the type, intensity, and total time that the user engaged in the
physical activity. Following data entry, users and healthcare pro-viders (that users have granted permissions to) could view these
data in the tracking/reporting component of the PHA, an interface
that allowed users to view tables, graphs, and reports of their phys-
ical activity and progress in meeting stated activity goals. Overall,
the team’s approach was to make the PHA component which inter-
faces with the Project HealthDesign common component platform
as a complete and independent module so that it can be used in fu-
ture applications as well as be extended to include additional ser-
vices. For instance, while additional functions such as providing
users with supportive messages, connecting them with social sup-
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with other automated physical activity monitoring devices were
not implemented here, the system development was implemented
so that these and other changes could be accommodated at a later
date. The result is that the PHA module can be plugged into other
Microsoft.Net based systems in the future minimal change to the
architecture.
All user data are stored and retrieved in an SQL server database
developed to support the PHA. Website settings and conﬁguration,
the user’s registration, access control, health assessment, activity
plan, physical activity observations, progress toward goals, are all
stored in the database. User credentials, access control, and physi-
cal activity was also mirrored on the Project HealthDesign common
component platform.
2.2. User functions
The PHR tool was designed to allow anyone with internet access
to use the system after registering with the site. Users completed a
5 min registration process, and were then directed to an auto-
mated start-up interview which collected information on health
status, physical activity status, and readiness to change physical
activity behaviors. At the end of this 15-min interview, the PHA
created physical activity plans (see Appendix A) and helped users
to review of the plan and begin their new physical activity regi-
men. After this process is complete users are able to begin record-
ing their daily physical activity using the PHA. Various tabs are
provided on the PHA website allowing users to review their pro-
gress toward meeting goals, set and receive reminders via email
or text messaging, access support reference materials, and connect
with other users (i.e., healthcare providers, family, friends, others)
via progress reports. In addition, the system allowed users to
review and update their initial interview assessing their health sta-
tus, activity, readiness for change, and other elements at any time
which allowed them to change their plans; alternatively, users
were able to select other physical activities at any time and use
the PHA to create a new activity plan.3. User centered design approach
To increase the likelihood that users would ﬁnd the application
easy to use, practical and beneﬁcial in supporting their physical
activity goals, we sought involvement of potential system users
throughout the development of the PHA implementing a user cen-
tered design approach.
Phase I, designated the design phase, focused on identifying
user needs, desires, development of use case scenarios, and a wide
variety of practical issues related to creating a physical activity
PHA. Multiple facilitated group discussions and structured inter-
views were held with 28 consumers (sedentary adults with and
without chronic health conditions), 8 health care providers (physi-
cians, nurses, and physical therapists), and 6 personal trainers.
Consumer and health care participants discussed user needs and
the basic concept of how a personal health application (or record)
could be used to facilitate better communication with healthcare
providers and control over their own health behavior; discussions
were conducted in an iterative manner during three rounds of dis-
cussions conducted over 6 months. Separate structured interviews
were held with personal trainers to discuss their potential use of a
PHA and recommendations on how to make it maximally useful to
all users. At the conclusion of the discussions, the project team pro-
duced an initial design speciﬁcation document and plan for devel-
oping and testing the prototype PHA.
During Phase II, the team developed and tested the prototype
PHA system using a subset of participants from Phase I which in-cluded 5 consumers and 3 health care providers. Three 60-min ses-
sions of user testing were conducted with the 8 participants in a
ﬁeld laboratory setting. The iterative testing allowed the team to
identify problems and make incremental improvements to the sys-
tem between sessions and to gather user feedback about how well
these improvements worked in addressing their needs. These test-
ing sessions focused on three user activities: setting up a PHA
account; using a PHA account to record and review physical activity;
and, ﬁnal integration of the PHA components. In addition, users were
asked to use the system for a week and provide feedback on how
well the system worked and any problems encountered.
3.1. User testing results
The discussions in Phase I identiﬁed a number of major gaps be-
tween the current state of health records, advice and support pro-
vided by health care providers to consumers related to physical
activity, and the desired future state in which both consumer
and health care providers wish to be. Some of the major gaps iden-
tiﬁed for both consumers and healthcare providers included:
 a desire for more activity but little action being taken by either con-
sumers or healthcare providers to facilitate change;
 lack of adequate knowledge about what activities were appropriate
and how to sustain them over time;
 confusion about the preferred role of health care providers in mak-
ing recommendations (i.e., patients want doctors to lead while
healthcare providers want patients to take responsibility);
 need to make physical activity a non-optional part of everyday life
(i.e., change from seeing activity as being extra to making it a part
of regular routines); and
 inﬂexibility of available tools to help consumers and healthcare
providers choose activities that they prefer, track them over time,
and share them with each other.
The testing in Phase II identiﬁed issues with the way the proto-
type system was designed to operate. The team then used this
feedback to update and improve the PHA tools, making them more
user-friendly and easy to use. Speciﬁc changes that were imple-
mented included shortening the amount of material provided to
users (reducing both the amount of text and the reading level),
addition of new areas on additional tabs to provide help to users
(i.e., addition of the library tab with help and reference
documents), and links to a variety external websites that provide
support for physical activity behaviors to users (e.g., social net-
working and physical activity support websites).4. Discussion and implications
Through our involvement in RWJF’s Project HealthDesign, we
were able to design and develop a PHA that could be one compo-
nent of a larger PHR system, and would deliver and support a
highly individualized, behaviorally based lifestyle physical activity
intervention for sedentary adults.
4.1. Lessons learned
The most signiﬁcant lesson learned through this project was the
irreplaceable input of the end users throughout the design,
development, and prototype testing. Much of the information
provided by the end users was novel and could not have been
anticipated by the development team. The user centered design ap-
proach provided a rich source of context in addition to the speciﬁc
requirements which allowed us to build something that ﬁt within
the users’ lifestyle and was well received during the prototype
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their physical activity plans or when they needed to complete a
new physical activity assessment. Users also reported a lack of
clarity about how to change the activities they were doing – such
as switching from walking to running. As a result we created a
new link that allowed users to update their activity plan and a re-
minder for completing a new physical activity assessment. We also
included reports of their current activities and prompted choices of
new activities to include in their updated activity prescriptions.
In addition, we found that health care providers want to be able
to provide information and advice about physical activity to their
patients. This PHA can provide themwith a set of tools that can en-
hance the relationship and communication between patients and
providers, and potentially improve patient outcomes.4.2. Limitations of the PHA
Due to time and cost limitations some functions have only been
partially implemented in the PHA. The current functions allow the
user to complete necessary functions but they lack additional de-
tail which could enhance the functions making them more effec-
tive if further extended. A brief review of these functions is
provided below:
 Supportive/encouraging messaging: The system includes a rudi-
mentary set of encouraging messages which are enabled for
use with users at the present. However, a more extensive library
of supportive messages including more options for tailoring the
messages to gender, age, physical activity, level of ﬁtness, and
other factors have not been fully developed or implemented
at the present time.
 Social support/networking: Users can ﬁnd links to social net-
working sites and help materials encouraging them to seek
social support through the PHA, however, integration with
social networking sites has not yet been implemented. Full inte-
gration with sites such as Yahoo groups, Facebook, Meet Up and
other social networking websites specializing in connecting
users interested in physical activity are available.
 Enhanced status reporting:Users can now use basic status reports
indicating how often they have engaged in physical activity and
their progress toward basic goals. Future improvements that
have been explored but not implemented include tracking of
activity against health status, weight, mood, and other data
which will likely help to underscore the importance of activity
to users; these types of enhanced status reports would also facil-
itate better communication with health care providers.
 Calendaring: The calendar functions of the Project HealthDesign
common component platform were still in the process of being
ﬁnalized when the PHA needed to have this function ready for
use. As a work-around, we opted for use of the Google calendar
service which is freely available on the internet. While the cal-
endar does require that users to sign up for a Google account,
the PHA does enable exporting of physical activity events to
Google calendar and syncing these events with many frequently
used devices such as computers, cell phones, etc.
If possible, the project team would like to implement many of
these functions at some point in the future. We believe that they
would enhance the user experience and lead to higher efﬁcacy of
the PHA in facilitating behavior change in sedentary adults.5. Overview of implications
This PHA demonstrated the potential for research-based behav-
ioral interventions to be delivered via a web portal. This ﬁnding isimportant for both consumers and their providers who have the
desire to implement physical activity recommendations, but lack
the tools to facilitate or undertake such interventions.Conﬂict of interest
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